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I .  INTRODUCTION 


In  conjunction  with  a  program  to  control  and  model  the  combustion 
of  liquid  monopropellants  in  guns,  an  effort  has  been  made  to  determine 
the  pressure  dependent  burning  rate  of  several  liquid  monopropellants. 
Previous  work  was  directed  at  utilizing  more  or  less  standard  strand 
burner  type  techniques  --  straws,  gellation,  ignition  techniques.* 

The  present  report  covers  some  work  performed  in  a  windowed  chamber 
to  confirm  previous  results  and  to  identify  causes  of  erratic  results  and 
non-planar  combustion. 


II.  BACKGROUND 


In  order  to  provide  a  basis  for  testing  and  comparing  candidate 
liquid  monopropellantt  for  gun  use,  it  was  desired  to  determine  combustion 
rates  as  a  function  of  pressure. 


The  initial  effort  was  directed  at  measuring  the  burning  rate  in 
plastic  straws  filled  with  the  monopropellants.  Data  reproducibility 


and  diameter  independence  were  used  as  crude  tests  of  the  planarity  of  the 
burning  surface  in  order  to  develop  ignition  and  shielding  techniques.1 


Gella-'ion  was  necessary  in  order  to  produce  stable  results  with  one  of 


the  candidate  propellants. 


The  lower  pressure  work  with  gelled  NOS- 365  gave  data  points  with 
appreciable  scatter.  Inspection  of  the  straw  remnants  showed  signs 
of  decreased  thermal  output  at  the  lower  oressur&s.  The  preliminary 
interpretation  of  these  data  was  that  the  propellant  was  decomposing 
at  a  relatively  low  temperature  a;d  therefore  not  melting  the  straw 
out  of  the  way  in  a  consistent  manner. 


Considering  the  ease  with  which  a  liquid  surface  may  be  deformed 
and  the  necessarily  larger  apparent  burn  rate  associated  with  an  increased 
surface  area,  improved  techniques  for  determining  the  surface  shape  were 
desired. 


Interaction  of  the  propellant  with  its  container  and  the  ignition 
source  provide  disturbances  that  will  initially  alter  the  surface  from 
a  planar  shape.  Techniques  for  minimizing  these  disturbances  anu  studying 
the  duration  of  the  disturbance  were  desired. 


V.  F.  MoBratney B.  Bensinger  and  W.  Arford ,  "Strand  Combustion  Bates 
for  Some  Liquid  Monopropellants  at  Gun  Functioning  Pressures , "  BRL 
Memorandum  Report  No.  2858 ,  Aug  76.  CAD#3013130L) 


III.  APPARATUS  AND  EQUIPMENT 


A  windowed  chamber  capable  of  operating  at  pressures  up  to  200  MPa 
was  obtained  and  set-up  for  use  in  connection  with  the  pressurization 
apparatus  of  the  BRL  strand  burner  facility. 

The  chamber  has  a  15  cm  interior  diameter  and  allows  a  10  cm  optical 
path  between  the  windows  which  are  attached  to  the  end  plugs.  The  end 
plugs  are  provided  with  plates  which  may  be  altered  to  provide  different 
apertures.  Those  apertures  used  in  this  series  of  tests  ranged  from 
6  mm  to  1?  mm  wide  by  37  mm  long. 

A  quartz-halogen  lamp  was  used  to  hack  light  tho  samples  through  a 
diffuser  screen  placed  within  the  chamber  and  near  the  sample. 

A  Fastax  half  frame  16  mm  camera  operating  at  approximately  1100 
frames  per  second  was  used  for  most  of  the  tests  in  this  report.  Ekta- 
chrome  7242  film  was  normally  used. 

The  samples  of  liquid  propellant  were  held  in  polypropylene  straws 
or  in  special  cells.  These  cells  were  of  rectangular  cross-section  and 
designed  like  spectroscopy  cells.  Various  cell  window  and  spacer  mater¬ 
ials  were  tested.  Glass  microscope  slides  worked  well  for  some  of  the 
tests  but  tended  to  shatter  if  the  combustion  was  not  stable.  Acrylic 
sheet  generally  gave  satisfactory  results  as  far  as  remaining  together 
but  would  interact  with  the  OTTO  Fuel  II  if  the  photographic  lights  were 
left  on  too  long,  causing  an  apparent  gel  layer  to  form. 

Ignition  was  achieved  by  contact  with  a  heated  nici  'ome  wire. 


IV.  EXPERIMENTAL 

A.  N0S-36S  --  Polypropylene  Straws,  Gelled 

One  of  the  observations  made  during  the  lower  pressure  strand 
burner  runs  with  NGS-365  was  that  below  ■v  20  MPa  stringy  fragments  of 
the  polypropylene  were  left  after  the  burn.  As  pressures  were  decreased 
further  the  portion  of  the  straw  remaining  increased  in  size.  At  suffi¬ 
ciently  low  pressures,  most  of  the  straw  remained  but  was  thermally 
distorted  and  collapsed.  At  even  lower  pressures  the  straw  was  not  even 
distorted. 

With  a  marginal  heat  release  from  the  propellant,  the  melting  of  the 
polypropylene  is  probably  not  consistent.  This  may  account  for  the  scatter 
in  the  low  pressure  data. 

Figures  1,  2,  and  3  show  straws  during  the  burn  cycle  at  pressures 
of  20  MPa,  42  MPa  and  62  MPa,  respectively.  In  Figure  1  at  20  MPa,  the 
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straw  appears  to  melt  and  collapse  but  not  bum  off.  In  the  left  frame, 
the  formation  of  a  bulbous  zone  is  observed.  The  top  of  the  straw  appears 
to  have  collapsed  inward,  giving  a  restricted  orifice.  As  the  bum  pro¬ 
gresses,  the  length  of  the  straw  remnant  above  the  bum  surface  increases 
(Figure  1,  left,  10  ran;  Figure  1,  right,  **  13  nra) . 

In  Figures  2  and  3,  the  top  of  the  straw  is  roughly  7  mm  above  the 
bum  front  but  the  higher  pressure  run  in  Figure  3  appears  to  give  a 
more  uniform  bum-off  with  less  of  the  melt  thickening  observed  in  Fig¬ 
ure  1. 

These  figures  confirm  the  suspicion  that  at  the  lower  pressures  the 
melting  of  the  straw  may  give  erratic  data  in  the  standard  strand  burner 
apparatus,  where  the  melting  of  the  fuze  wire  will  be  dependent  upon 
the  melting  away  of  the  straw  tt  allow  the  hot  gas  to  contact  the  wire. 

In  Figure  2,  the  two  frames  at  the  right  show  a  droplet  being  ejected 
from  the  burn  zone. 

B.  Hot  Wall  Effects 


Observation  of  the  non-planar  burning  of  these  propellants  in 
rectangular  cross  section  cells  reveals  one  of  the  mechanisms  for  high 
mass  burning  rates.  As  the  wave- like  sloshing  of  the  propellant  from 
one  side  of  the  cell  to  the  other  occurs,  the  cell  walls  in  areas  that 
were  previously  uncovered  have  become  heated.  When  the  propellant  is 
driven  back  into  this  region  by  the  wave  action,  the  hot  walls  react 
with  the  propellant,  forcing  the  propellant  away  from  the  wall.  This 
produces  a  relatively  large  propellant  surface  area.  The  films  of  this 
effect  show  what  appears  to  be  a  jetting  action  of  the  propellant  into 
the  gas  zone. 

This  clipping  of  the  rising  portion  of  the  wave  may  contribute  to 
the  high  mass  burn  rate  in  at  least  two  ways.  The  material  thrown  away 
from  the  hot  walls  has  a  high  mass  burning  rate  due  to  the  increased 
surface  area  and  is  rapidly  eliminated  from  participating  in  the  wave 
action.  This  eliminates  the  material  from  participating  in  "normal" 
stabilizing  mechanisms.  In  addition,  the  high  local  mass  burning  rate 
will  produce  a  localized  surge  in  pressure  to  add  to  the  destabilizing 
mechanisms.  So  far,  it  has  been  difficult  to  obtain  films  of  this  hot 
wall  vffect  that  are  good  enough  to  reproduce  a  plate  illustration. 

C.  NOS- 365,  H37,  2%  Kelzan 


1.  Lower  Pressures.  Observations  on  NOS- 365  in  the  transparent 
cells  at  pressures  of  55  MPa  and  below  show  a  red  zone  above  the  bum 
front  and  ejecta  (small  droplets)  exiting  the  cell. 
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Tlie  red  zone  above  the  bum  front  at  28  MPa  has  the  appearance  of 
a  flame  of  small  height,  however,  at  55  MPa,  the  red  zone  has  disappeared 
and  the  bum  zone  appears  to  be  an  opaque,  non- luminous  layer.  From 
these  data  and  observations  on  NOS-365  without  gellation,  it  is  probable 
that  the  red  zone  is  caused  by  N02  from  the  decomposition  reaction.  P.«d- 
brown  fumes  are  observed  at  atmospheric  pressure,  and  it  is  j-r  h*'-1  e 
that  this  red  zone  corresponds  to  these  fumes. * 

At  pressures  near  atmospheric  the  decomposition  of  the  NOS-365 
proceeds  into  the  propellant  while  generating  froth.  At  higher  pressures 
the  froth  does  not  form  a  growing  layer  but  apparently  the  liquid  from 
the  froth  reaction  collects  on  the  reaction  front  and  is  blown  away  as 
droplets.  These  droplets  are  readily  seen  in  films  taken  of  the  reaction 
near  28  MPa  (Figure  4) . 

The  films  taken  at  28  MPa  and  55  MPa  (Figure  5)  show  reactions  that 
start  off  with  relatively  flat,  horizontal  surfaces.  As  the  reaction 
proceeds,  the  surface  becomes  tilted  relative  to  the  horizontal.  This 
may  result  in  a  relatively  simple  tilted  surface  as  at  28  MPa  (Figure  4) 
or  a  convex  surface  consisting  largely  of  two  simple  tilted  portions  as 
at  55  MPa  (Figure  5) .  These  observations  correlate  with  the  observations 
that  the  burn  surface  is  convex  ('v  conicall  at  these  pressures  in  poly¬ 
propylene  straws. 

A  probable  explanation  of  the  mechanism  which  causes  the  convex 
burn  surface  at  these  lower  pressures,  is  given  by  the  observation  that 
NOS-365  appears  to  react  in  a  hypergolic  manner  with  the  liquid  remnant 
from  the  fizz  reaction.!  \s  this  remnant  liquid  is  ej'-cted  from  the 
bum  front  some  of  it  wj/.I  Lit  the  walls  of  the  test  cell  -md  be 
returned  to  the  reaction  area  along  the  cell  walls  causing  a  higher  re¬ 
action  rate  near  the  walls. 

2.  Higher  Pressures.  Photographic  runs  covering  the  pressure 
range  of  100  MPa  to  195  MPa  show  a  relatively  stable  bum  surface.  The 
ignition  event  or  the  deformity  of  the  initial  surface  provide  early 
bum  surfaces  which  generally  approach  a  flat,  horizontal  shape  as  the 
bum  progresses  down  the  sample. 

Figures  6  and  7  (124  MPa  and  169  MPa)  show  more  typical  bums  at 
high  pressure,  in  which  the  ignition  occurs  near  one  edge  of  the  sample. 
This  causes  one  edge  to  lead  the  other  for  the  early  part  of  the  burn, 
but  the  surface  becomes  flat  within  0.25  mm  across  the  width  of  the 
sample  fairly  early  in  the  burn  cycle. 

In  Figure  8  (195  MPa),  the  sample  surface  has  a  large  depression 
near  one  side.  During  the  ignition  event,  the  flame  propagates  into 
this  depression,  producing  a  large  .initial  deviation  from  planarity  in 
the  burn  surface.  The  surface  does  not  approach  planarity  until  all  but 
the  bottom  one  centimeter  of  the  sample  has  burned  away. 
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165  MPa 


195  MPa 


3.  Luminosity.  In  these  gelled  propellant  tests  the  runs  at 
the  lower  pressures  do  not  appear  to  have  luminous  areas  within  the 
cells.  At  pressures  of  100  MPa  and  above  there  appears  to  be  a 
generalized  low  level  of  luminosity  within  the  sample  cell.  All  of  the 
cell  volume  above  the  propellant,  sample  appears  slightly  luminous  at 
195  MPa.  The  luminosity  is  softly  reddish  at  195  MPa.  Any  luminosity 
is  at  least  an  order  of  magnitude  less  than  is  observed  with  a  0.25  mm 
thick  sample  of  M8  solid  propellant. 

At  these  higher  pressures  there  generally  occurs  a  flash  of  lumin¬ 
osity  above  the  cell  during  the  ignition  phase.  This  luminosity  occurs 
around  the  igniter  wire. 

4.  Results.  The  data  obtained  from  the  photographic  runs  with 
NOS- 365,  H37,  2%  Kelzan  are  plotted  in  Figure  9  and  given  in  Table  I. 

A  reference  line  for  the  high  pressure  region  has  been  taken  from  Ref.  1 
for  N0S-365,  H6,  1.5%  Kelzan.  The  data  for  the  2%  gelled  material  falls 
consistently  below  that  for  the  1.5%  gel  concentration  at  the  higher 
pressures.  Data  on  the  2%  material  of  the  same  propellant  lot  is  being 
prepared  for  publication. 

D.  NOS- 365,  H37,  Not  Gelled 

Figure  10  shows  N05-365,  H37  in  a  glass  cell  at  29  MPa.  The  initial 
frame  clearly  shows  the  initial  surface  curvature  and  the  immersion  of 
the  ignition  wire.  The  following  frames  clearly  show  a  small  wave 
traveling  to  the  right  and  eventually  forming  a  jet  up  the  wall.  Numerous 
ejecta  droplets  are  observed  in  this  sequence. 

E.  OTTO  Fuel  II 


1.  Low  Pressures.  At  pressures  up  to  the  neighborhood  of  10  MPa 
stable  surface  curvature  is  observed  during  the  bum.  Apparently  this 
is  due  to  the  surface  tension  of  the  liquid  to  cell  contact.  Figure  11 
shows  the  curvature  of  the  front  in  a  glass  cell  at  8.4  MPa.  It  appears 
that  the  surface  curvature  decreases  as  the  pressure  is  increased  but 
the  data  is  effected  by  che  different  cell  materials  used. 

Crude  calculations,  based  on  the  visible  curvature  of  the  front  in 
glass  cells  in  which  the  increased  area  is  accounted  for,  give  burning 
rates  which  are  "close"  to  those  obtained  in  the  strand  burner. 

During  some  of  the  runs  at  lower  pressures  with  acrylic  cells,  some 
anomalous  low  uncorrected  rate  data  were  obtained.  Investigation  led 
to  the  conclusion  that  OTTO  Fuel  II  may  be  gelled  with  acrylic  plastic. 
Under  normal  room  conditions,  acrylic  will  dissolve  in  OTTO  Fuel  II  at 
a  very  low  r^te.  However,  when  exposed  to  a  photo- flood  light  or  a 
source  of  heat,  an  increase  of  viscosity  and  finally  gellation  are  fairly 
rapidly  noted.  [Test  conditions  were  a  thin  layer  of  OTTO  Fuel  II 
on  a  sheet  of  acrylic] . 
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RATE  (cm/s) 


Table  I.  NCS-365,  H37,  2%  Kelzan 


MPa 

cn/g 

COMMENT 

20 

2.17 

3  mm  polypropylene  straw 

42 

4.24 

3  mm  polypropylene  straw 

62 

2.87 

3  mm  polypropylene  straw 

196 

6.97 

6.1 

x  l.S  mm  cell  Acrylic 

169 

5.55 

6.1 

x  1.5  mm  cell  Acrylic 

124 

3.59 

6.1 

x  1.5  mm  cell  Acrylic 

102 

3.0 

6.1 

x  l.S  mm  cell  Acrylic 

55 

2. 7-3.1 

6.1 

x  1.5  mm  Non-Planar  Bum 

28.6 

2. 3-2. 8 

6.1 

x  1,5  mm  Non-Planar  Bum 

NOTE:  Estimated  reading  errors  of  1%  to  5%  are  to  be  expected  from  the 
photographic  data.  This  is  dependent  upon  the  photographic  quality  and 
the  nature  of  the  surface. 


During  some  of  the  piessure  runs  with  thin  acrylic  cells  the  full 
intensity  of  the  photographic  lights  was  used  during  adjustment  of  the 
camera  and  mirrors.  This  was  apparently  enough  to  allow  the  propellant 
to  dissolve  some  of  the  acrylic  of  the  cell  walls.  Later  tests  were 
conducted  with  the  light  intensity  reduced  until  the  actual  photographic 
run  was  started. 

The  information  that  the  viscosity  of  OTTO  Fuel  II  may  be  increased 
drastically  by  the  solution  of  acrylic  plastic  should  be  of  use  in 
studying  the  stability  of  the  combustion  at  higher  pressures.  Acrylic 
may  be  utilized  as  n  gelling  agent  to  modify  the  surface  instabilities. 

Figure  12  shows  the  progression  of  a  burn  front  at  10.3  MPa  over  a 
piece  cf  submerged  fuse  wire.  The  cell  is  acrylic.  In  this  pressure 
range  at  least,  this  plate  shows  that  relatively  large  disturbances  may 
be  imposed  upon  the  burning  surface  and  the  surface  will  stabilize  itself. 

2.  Mid-Pressure  Range.  The  pressure  range  of  10  MPa  to  approxi¬ 
mately  40  MPa  (Figure  13)  covers  the  transition  from  surface  tension 
stabilization  to  a  relatively  flat  burn  surface  with  small  scale  distur¬ 
bances  becoming  evident  at  the  higher  values. 

3,  Higher  Pressures.  In  the  pressure  region  above  40  MPa,  strongly 
non-planar  burning  has  been  obtained  with  the  techniques  employed  to 
this  date.  In  these  tests  the  initial  surface  has  been  non-planar  (sur¬ 
face  tension)  and  the  ignition  event  has  been  vigorous  enough  to  strongly 
drive  the  surface  in  localized  areas. 

At  46.9  MPa  (Figure  ?.4) ,  slightly  asymmetric  ignition  initiates  a 
strong,  sloshing  type  of  wavo  action.  The  sequence  of  photos  illustrates 
this  motion  starting  at  the  point  on  the  right  side  of  the  cell  when  the 
meniscus  has  been  reduced  to  a  minimum  by  the  vertical  motion  of  the 
liquid.  In  the  second  frame,  some  liquid  has  moved  further  upward  while 
being  ignited  along  the  walls  by  the  previously  heated  glass  walls.  This 
ignition  has  driven  the  propellant  away  from  the  walls  and  towards  the 
center  line  of  the  cell,  thereby  creating  a  jet  of  propellant  up  the 
cell.  This  will  create  a  sudden  change  in  surface  area  and  thus  pressure 
in  this  area  which  will  act  to  stop  the  vertical  motion  of  the  liquid 
in  this  area  and  assist  in  driving  the  liquid  back  down  in  this  region. 
The  rest  of  the  sequence  of  frames  shows  the  dropping  of  the  liquid  with 
the  resultant  large  meniscus  of  liquid  on  the  right  side  of  the  cell  and 
the  corresponding  upsurge  of  liquid  on  the  left  side  of  the  cell  (~  9  ms 
between  frames) . 

Figure  15  (62  MPa)  shows  the  rapid  growth  of  the  ignition  process 
and  its  development  into  an  asymmetric  shape.  Of  special  interest  in 
this  sequence  is  the  clear  development  of  the  burn  front  in  the  first 
few  frames.  Clearly  a  meniscus  of  liquid  remains  on  the  wall  in  both 
horizontal  dimensions.  The  burn-off  of  this  meniscus  is  clearly  seen 
in  later  frames. 
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Figure  12.  OTTO  Fuel  II,  6.1  x  1.5  iron  Acrylic  Cell.  10.3  MPa  (Fuse  Wire) 


47  MPa,  [Sloshing) 


62  MPa 


Acrylic  Cell,  62  MPa  (Cont'd) 


Figure  16  (82.7  MPa)  shows  another  example  of  the  sloshing  motion. 
The  last  frames  of  the  sequence  again  clearly  show  the  burning  off  of  a 
wall  bound  meniscus  layer  along  the  center  of  the  cell. 

The  presence  of  a  meniscus  layer  on  the  wall  allows  the  liquid  in 
the  wave  to  rise  up  the  cell  to  at  least  the  extent  of  the  meniscus  due 
to  its  protection  of  the  wall  from  the  combustion  gases. 

Figure  17  shows  OTTO  Fuel  II  in  an  acrylic  cell  at  129  MPa.  This 
burn  starts  out  strongly  asymmetric  due  to  the  liquid  leaking  out 
that  a  major  portion  of  the  surface  is  below  the  ignition  wire.  ie 
ignition  occurs  on  the  left  side  of  the  cell  causing  a  slosh  to  tne 
right  with  a  rapid  drop  of  the  liquid  on  the  left.  This  sequence  shows 
the  surface  as  being  characterized  by  additional  smaller  irregularities. 
The  burn  progresses  in  an  asymmetric  fashion  predominantly  along  one 
side  of  the  cell.  Small  waves  move  over  the  burning  surface  as  is  shown 
in  the  last  frame. 

Figure  18,  OTTO  Fuel  II,  6.1  x  1.5,  Acrylic,  156  MPa:  Ignition  by 
use  of  a  strip  of  M8  propellant  did  not  give  an  initially  flat  surface 
due  to  asymmetric  ignition  of  the  M8  strip.  This  provided  a  slightly 
early  LP  ignition  on  the  right  of  the  cell  and  initiates  some  waves 
across  the  surface.  The  depression  near  the  right  wall  grows  at  a  high 
rate  as  at  129  MPa.  As  the  dimensions  of  this  depression  increase  the 
velocity  of  the  tip  decreases  and  small  waves  travel  across  this, 
surface.  They  appear  to  be  similar  to  the  small  surface  waves  observed 
in  the  NOSET  "A"  run  at  70  MFa. 

Observation  of  one  of  the  small  surface  waves  generated  near  the 
center  line  shows  this  peak  dividing  into  two  and  separating  with  the 
generation  of  a  depression  between  them.  Apparently,  the  small  ridge¬ 
like  wave  provides  a  locally  high  mass  burn  rate  which  provides  a  driving 
mechanism  to  depress  the  ridge- like  structure  and  drive  waves  away  from 
the  area.  The  area  under  the  former  ridge  can  develop  as  a  major 
depression. 

4.  Results .  Table  II  and  Figure  19  show  the  numerical  data 
obtained  photographically  for  OTTO  Fuel  II.  Reference  lines  for  OTTO 
Fuel  II  taken  from  Reference  1  are  plotted  in  Figure  19  for  comparison. 

The  higher  values  obtained  at  low  pressures  in  the  glass  cells  may 
be  partly  explained  by  a  larger  surface  tension  meniscus  obtained  in 
glass  cells. 

The  high  values  obtained  at  the  higher  pressure  are,  by  inspection 
of  the  plates,  for  strongly  non-planar,  non-steady  surfaces.  No  attempt 
has  been  made  to  estimate  a  correction  factor  for  the  large  surface 
area. 
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Figure  16.  OTTO  Fuel  II,  6.0  x  1.5  mm  Acrylic  Cell,  82.7  MPa  (Cont'd) 


Figure  17.  OTTO  Fuel  II,  6.1  x  1.5  mm  Acrylic  Cell,  129  MPa 


Figure  18.  OTTO  Fuel  II,  6.1  x  1.5  mm  Acrylic  Cell,  156  MPa 
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Table  11. 

OTTO  Fuel  II  Not 

Gelled 

C  E 

l _ L 

p 

W 

'  T 

R 

MPa 

mm 

mm 

MATERIAL 

cm/s 

5.6 

6.0 

.95 

Glass 

.195 

7.0 

6.0 

.95 

Glass 

.231 

9.2 

6.0 

.95 

Glass 

.276 

9.7 

6.0 

.95 

Glass 

.265 

12.6 

6.0 

.95 

Glass 

.332 

20.1 

6.0 

.95 

Glass 

.360 

46.9 

6.0 

.95 

Glass 

1.92 

60.0 

6.0 

.95 

Glass 

3.73 

10.3 

6.1 

1.5 

Acrylic 

.231 

82.7 

6.1 

1.5 

Acrylic 

5.08 

128.0 

6.1 

1.5 

Acrylic 

8.21 

156.0 

6.1 

1.5 

Acrylic 

9.4 

NOTE:  Estimated  reading  errors  of  1%  to  5%  are  to  be  expected  from  the 
photographic  data.  This  is  dependent  upon  the  photographic  quality  and 
the  nature  of  the  surface. 
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6.0  k  ,95  mm  GLASS  CELL 

6.1  *  1.5  mm  ACRYLIC  CELL 

OTTO  FUEL  H,  STRAND  DATA 
6  mm  STRAWS 


Further  work  on  ignition  techniques  and  cell  material  interactions 
may  clarify  the  causes  for  the  disparity  in  the  data  at  high  pressures. 

F.  NOSET  "A" 

Figure  20  (20  MPa).  6.0  x  .95  nan  glass:  The  sequence  of  frames  in 
Figure  20  clearly  shows  the  wave  action  of  the  liquid.  The  initial 
frame  shows  the  start  of  the  sequence  with  a  maximum  meniscus  to  the 
left  side  and  the  wave  minimum  to  the  left.  As  the  sequence  progresses 
the  liquid  moves  back  up  eliminating  the  meniscus  and  showing  the  start 
of  a  positive  wave  amplitude.  In  this  sequence  as  the  positive  wave 
is  foimed  a  bubble  is  formed  in  the  peak  region  and  grows.  The  bubble 
finally  breaks,  scattering  liquid  into  the  gas  and  leaves  streamers  of 
liquid  projecting  up.  As  the  upsurge  proceeds,  additional  bubbles  are 
formed  and  ruptured.  The  frames  in  this  sequence  show  the  same  effects 
being  started  along  the  right  of  the  cell.  The  formation  of  the  bubbles 
may  be  due  to  the  collection  of  heated  propellant  in  the  region  of  the 
peak,  giving  rise  to  ignition  below  the  surface.  The  glass  is  apparently 
not  getting  hot  enough  at  this  pressure  to  ignite  the  sides  of  the 
propellant,  as  the  rising  portion  of  the  wave  covers  glass  that  has 
been  previously  exposed. 

Figure  21  (69.6  MPa),  6.0  x  1.5  mm,  acrylic:  This  sequence  shows  a 
relatively  stable  general  shape  for  the  non-planar  bum  front.  The 
"sloshing"  observed  at  lower  pressures  is  not  evident.  Also  the  shape 
is  asymmetric  relative  to  the  cell.  Small  waves  propagate  over  the 
larger  surface  and  proceed  up  along  the  higher  sides  of  the  front.  At 
the  top  of  the  large  shape  a  streamer  (or  jet)  is  formed  by  the  smaller 
waves . 

The  velocity  of  the  lowest  point  is  approximately  20  percent  larger 
than  the  value  obtained  for  the  6  mm  straw  samples  in  the  standard 
strand  burner  tests. 


V.  CONCLUSIONS 

The  low  thermal  output  of  NOS- 365  at  lower  pressures  causes  an 
erratic  melting  of  the  straw  and  will  cause  additional  variability  in 
the  strand  burner  data  for  this  propellant. 

The  agreement  of  the  data  of  Figure  9  above  100  MPa,  implies  that 
this  data  from  Reference  t  is  for  reasonably  planar  combustion. 

The  lower  pressure  data  for  the  gelled  NOS- 365  must  be  corrected 
for  the  characteristic  non-pla.iarity  observed  in  these  tests. 

The  presence  of  a  stable  surface  curvature  in  the  lower  pressure 
tests  on  OTTO  Fuel  II  means  that  the  lower  pressure  data  of  Reference  1 
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Figure  21.  NOSET  ’'A",  6.C  x  l.S  n*  Acrylic  Cell,  65. 
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may  be  slightly  in  error.  Calculations  based  on  surface  are;  estimates 
from  the  photographic  data  indicate  that  it  is  reasonably  accurate, 
however,  further  tests  should  be  performed,  directed  at  determining  the 
extent  of  surface  tension  effects.  A  stable  curved  surface  implies  that 
liquid  is  being  moved  to  maintain  the  shape,  thus  increasing  the  mass 
burn  rate.  Without  liquid  motion  the  surface  should  become  flat  due  to 
burn-off. 


The  higher  pressure  data  for  OTTO  Fuel  11  obtained  in  these  tests 
has  been  so  strongly  non-planar  that  it  is  not  especially  helpful  in 
determining  the  accuracy  of  the  referenced  data. 

The  tests  that  have  been  conducted  on  NOSET  "A”  show  this  propellant 
to  be  very  useful  as  a  photographic  subject  for  this  type  of  test.  The 
clarity  of  detail  with  minimal  obscuration  makes  this  propellant  a  good 
candidate  for  studying  the  surface  details. 
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Please  cake  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet  and  return  it  to  Director,  US  Army  Ballistic  Research 
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project,  or  other  area  of  interest  for  which  report  will  be  used.) 
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4.  Has  the  information  in  this  report  led  to  any  quantitative 
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